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Ruptured abdominal aortic aneurysm in a well-
defined geographic area
M. Heikkinen, MD, J.-P. Salenius, MD, and O. Auvinen, MD, Tampere, Finland
Objective: Despite an increasing number of elective operations on abdominal aortic aneurysms (AAAs), the age- and
sex-standardized mortality rate of ruptured AAA (RAAA) continues to increase. In the Pirkanmaa region, population
440,000, all aortic surgery is performed at Tampere University Hospital (TAUH). Procedures have been collected into
the vascular registry. The purpose of this study was (1) to establish the incidence, modes of treatment, and mortality of
RAAA in a defined geographic area; (2) to evaluate the prerupture history to determine if there are any ways to prevent
rupture; and to make a forecast about the increase of RAAAs in the next decades.
Methods: Population and outcome data in the Pirkanmaa region and information on all patients who died of RAAA during
1990-1997 were provided by Statistics Finland. All operated RAAAs that underwent procedures during 1990 to 1999
were identified from the local vascular registry. To make a forecast for the next decades, an incidence of RAAA was
calculated separately for each age group in 5-year intervals.
Results: From 1990 to 1997, 221 patients presented with RAAA. The mean incidence was 6.3/100,000 inhabitants. The
incidence in the population over 65 years was 35.5/100,000. The total RAAA mortality was 76.9%. A total of 139
patients reached TAUH and 111 underwent emergency surgery. The overall hospital mortality in TAUH was 63.3%. The
calculated annual number of RAAA will increase 49.6% in the next 2 decades, and the overall incidence will increase from
6.3 to 8.9/100,000 inhabitants. According to the vascular registry, 166 patients were operated on for RAAA during
1990 to 1999 in TAUH. The 30-day mortality was 50.6%. A minority of the patients (n  18, 10.8%) had a previously
documented AAA. The median diameter at the time of rupture was 7 cm. Seven (5.0%) men and six (24.0%) women had
a diameter of less than 5.5 cm.
Conclusion: The incidence of RAAA in the Pirkanmaa region in 1990s was the Finnish average. In the next two decades,
the number of individuals with RAAA will increase significantly. One quarter of women had a diameter of AAA at the
time of rupture that was under the current threshold indicator for elective operation. (J Vasc Surg 2002;36:291-6.)
With an aging population, the prevalence of aortic
aneurysmal disease has increased significantly during the
last three decades.1 Rupture of an abdominal aortic aneu-
rysm (AAA) is now responsible for 1% to 2% of deaths in
men aged more than 65 years in Western countries.2 De-
spite an increasing number of elective operations for AAA,
the age- and sex-standardized mortality rate of ruptured
AAA (RAAA) continues to increase.3 The overall mortality
of AAA rupture is approximately 80%,4 and the costs of
emergency surgery are significantly higher compared with elec-
tive repair of AAA, where the mortality is only 5% to 10%.5,6
Finland, one of the “baby-boom” European countries
after World War II, will experience an aging of the popula-
tion over the next few decades, as the absolute and relative
size of the oldest age groups increase. According to Statis-
tics Finland, the number of persons aged more than 65
years in Finland will increase 65% during the next two
decades7 (Table I). If the prevalence, screening, and elec-
tive treatment of AAA remain unchanged, this will result in
an increase in the number of cases and incidence of RAAA.
The purpose of this study was (1) to establish the
incidence, modes of treatment, and mortality of patients
with RAAA in a well-defined geographic area; (2) to eval-
uate the prerupture history to determine if there are ways to
prevent rupture and thereby decrease the number of cases
of RAAAs; and (3) to make a forecast about the increase in
the number of cases and incidence of RAAAs in the next
two decades.
MATERIAL AND METHODS
In Finland, systematic data collection of vascular pro-
cedures into a national registry (Finnvasc) was initiated on
January 1, 1990. The details of Finnvasc protocol have
been described elsewhere.8,9 In Pirkanmaa, the region used
for evaluation, from 1990 to 1997 the total population
increased from 424,830 to 439,597 (3.5%), and the num-
ber of persons aged more than 65 years increased 12.1%,
from 60,745 to 68,098. In Pirkanmaa, invasive vascular
diagnostics and surgical and endovascular treatment for
AAA are performed only at the Tampere University Hospi-
tal. All vascular procedures have been recorded in the
Finnvasc vascular registry since January 1990, according to
the national protocol. Validity control is performed annu-
ally, comparing data with the computerized anesthesia
registry of Tampere University Hospital.
In the first part of the study, a search was undertaken
for all patients with RAAA in the region during 1990 to
1997. Information on all patients who had been operated
on because of RAAA was collected from the Finnvasc
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registry. Population data and outcome in Pirkanmaa re-
gion, as well as information on all patients who died of
RAAA during 1990 to 1997, including patient identity and
cause, date, and place of death, was provided by Statistics
Finland. By cross-linking the identity codes, we ensured
that one patient had only one entry into the study. All
patients from outside the Pirkanmaa region were excluded.
In the second part of the study, all patients who had
been operated on for RAAA during 1990 to 1999 were
identified from the local vascular registry. Review of patient
case records provided information with regard to age, sex,
length, weight, diameter of AAA at the time of rupture,
previous examinations, and imaging for AAA, as well as the
30-day outcome of any procedures. To estimate rupture
rate for the next two decades, an incidence of RAAA was
calculated separately for each of the age groups (25 to
90 years, in 5-year intervals). The final forecast was calculated
on the basis of the incidences in each age group and population
data for the next two decades from Statistics Finland.
The data were analyzed for statistical significance with
the use of 2 test and the Student t test. P  .05 was
considered statistically significant.
RESULTS
Analysis of the material from Statistics Finland and
Finnvasc registry. From 1990 to 1997 in the Pirkanmaa
region, 221 patients (173, men [78.3%] and 48 women
[21.7%]) presented with RAAA. The mean age of all RAAA
patients was 73.9 9.9 years (range, 29-97 years). Women
were 7 years older (79.4  7.8 years) on average than men
(72.3  9.9 years) (P  .0001). The mean incidence of
rupture during the 1990s was 6.3/100,000 inhabitants
(range, 5.1-8.2). The incidence of RAAA in the population
over 65 years was 35.5/100,000 (range, 29.4-44.8) (Table
II). The incidence of RAAA in three age groups for males
and females is shown in Table III. The total RAAA mortal-
ity was 76.9% (170/221). One hundred and twenty pa-
tients (70.6%) died in the hospital (Table IV). Of these, 88
(51.8%) died in Tampere University Hospital, 60 as a result
of attempted emergency surgery. Twenty-eight patients did
not undergo emergency surgery for the following reasons:
four patients died before the operation started; for 13
patients the decision was made not to operate (the reason
was age in 6 patients, too many comorbidities in 5 patients,
and poor general status with shock in 2 patients); 1 patient
refused surgery; and 10 patients died before the diagnosis
was made. Most of the 28 nonoperated patients (75.0%)
Table I. The population projection of the Pirkanmaa region for the next 2 decades
Year
Age group (y)
50 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90
2000 290,550 37,061 26,776 22,418 20,066 19,136 14,965 8972 5052 2055
2005 280,782 33,247 36,484 26,355 21,467 18,135 16,063 10,938 5174 2289
2010 274,785 31,579 32,685 35,688 25,186 19,574 15,332 11,950 6359 2439
2015 268,954 31,488 31,129 32,161 34,212 23,171 16,762 11,580 7060 2927
2020 264,689 29,671 31,107 30,752 31,066 31,683 20,111 12,881 6919 3348
Information provided by Statistics Finland.
Table II. The annual number of cases and incidence of ruptured abdominal aortic aneurysm
Year D S DS Incidence* D 65 S 65 DS Incidence† 65
1990 24 7 31 7.1 19 7 26 41.0
1991 22 2 24 5.6 19 0 19 30.2
1992 20 12 32 7.6 16 10 26 41.3
1993 16 6 22 5.1 14 6 20 29.4
1994 21 5 26 6.0 18 5 23 33.8
1995 27 9 36 8.2 23 7 30 44.8
1996 19 6 25 5.7 17 5 22 32.8
1997 21 4 25 5.7 18 3 21 30.4
Total 170 51 221 6.3 144 43 187 35.5
Data are number of cases.
D, Number of RAAA deaths (Statistics Finland); DS, total number or RAAA cases; RAAA, ruptured abdominal aortic aneurysm; S, number of patients who
survived emergency surgery.
*Annual incidence per 100,000 inhabitants.
†Annual incidence per 100,000 in individuals 65 years of age.
Table III. Annual incidence of ruptured abdominal
aortic aneurysm in the three age groups
Age (y) Male Female Total
65 2.1 0.1 1.1
65-80 55.5 8.8 28.9
80 138.0 28.5 57.5
Total 10.5 2.7 6.3
Data are number of cases per 100,000 in habitants.
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were older than 80 years and 5 were older than 90 years.
The overall hospital mortality in Tampere University Hos-
pital was 63.3%. The total mortality and hospital mortality
in the three age groups are presented in the Table V. In
75.3% of patients, the cause of death was determined by
autopsy. On the basis of clinical examination, 42 (24.7%)
patients were presumed to have RAAA. In these patients
the diagnosis was made at surgery in 15 cases, with ultra-
sound scanning or computed tomograms in 21 cases, and
on the basis of clinical condition in 6 patients whose AAA
had been diagnosed previously and for whom all symptoms
and signs were consistent with RAAA. The proportion of
women with RAAA increased with age (Fig 1).
The calculated annual number of cases of RAAA will
increase from 27.6 to 41.3 (49.6%) in the next 2 decades.
The increase in the three different age groups evaluated is
shown in Fig 2. The overall incidence will increase 41.3%,
from 6.3 to 8.9/100,000 inhabitants.
Analysis of all emergency operations during 1990
to 1999 for RAAA in Tampere University Hospital.
Over this 10-year period, 166 patients were operated on for
RAAA in Tampere University Hospital (mean, 17/year;
range, 8-25). Of these 166 patients, 141 (84.9%) were men
and 25 (15.1%) women. The mean age of patients was
70.1  7.9 years and women were 2 years older (72.2 
6.5) than men (NS). Only 18 (10.8%) patients had a
previously documented AAA before rupture. The previous
status of AAA in these patients is seen in Table VI. Three
patients were waiting for preoperative examinations and six
patients died while waiting for elective surgery. One of
these patients had waited more than 2 years and there
seemed to be an error in patient’s calling for operation. He
was not called for aneurysm operation for an unknown
reason, although he had been lined up appropriately. He
emerged when the aneurysm ruptured. The eight other
patients had waited between 2 weeks and 5 months (medi-
an, 6 weeks). In 148 (89.2%) cases, AAA was diagnosed for
the first time at the time of rupture. In 96.0% of cases, the
diameter of the AAA was available from ultrasound scan-
ning or computer tomograms performed preoperatively at
the time of rupture. In only 4.0% of the patients no imaging
examination was performed because of immediate transfer
to the operating theater. The median diameter was 7 cm.
There were 7 (5.0%) men and 6 (24.0%) women (P .01)
with diameters less than 5.5 cm, the current threshold
indicator for elective surgery (Fig 3).
The 30-day operative mortality was 50.6%. The opera-
tive mortality according to age and sex is presented in Table
VII. There were no statistically significant differences in
mortality between the sexes or the various age groups.
DISCUSSION
Population studies for AAA prevalence have shown an
increase for AAAs1,10 and RAAAs.11-13 Cause-of-death
statistics obviously underestimate the true incidence of
RAAA because postmortem examination is not performed
on all patients.13 Bengtsson and Bergqvist11 found that the
average annual incidence of RAAA in the city of Malmo¨ in
Sweden was 5.6/100,000. They estimated that if the actual
frequency of RAAA was similar among cases without au-
topsy, this would increase the incidence rate from 5.6 to
6.3/100,000. Drott et al13 evaluated the changes in the
RAAA incidence in the city of Gothenburg in Sweden
during the 37-year period (1952-1988). The incidence
increased from 4.1/100,000 during 1970-1979 to 6.9/
100,000 inhabitants during 1980 to 1988.13 Rantakokko
et al14 concluded in their autopsy study that the incidence
of RAAA in the city of Turku in Finland during 1959 to
1979 was 4.8/100,000 inhabitants. Kantonen et al4 re-
ported the incidence of RAAA in Finland as 6.1/100,000
in 1991 to 1994. In our study, the incidence in Pirkanmaa
region was 6.3/100,000. It is slightly greater than the
Finnish average as reported by Kantonen,4 but the popula-
tion older than 65 years of age was 15.6% in Pirkanmaa
compared with 14.6% in the rest of Finland, making the
age-standardized incidence of RAAA equal. The incidence
did not increase during the study period, despite the fact
that the number of persons older than 65 years of age
increased 12.1%. The annual number of cases of RAAAs
varied substantially, and the increase in the number of
elderly persons may have been too small to cause visible
changes in the rupture rates in the 8-year period.
The number of autopsies for the patients who died
suddenly is unknown in our study. Death certificates in
sudden or unexpected death in Finland can be issued only
on the basis of prior knowledge of a fatal disease or on
autopsy. According to Finnish law, medicolegal investiga-
tion is indicated if death was sudden and unexpected and
the doctor had not treated the person during the terminal
illness. In Finland, the autopsy rate is the highest of all
Scandinavian countries, 31.1% compared with 10.6% and
22.0% in Norway and Sweden, respectively.15 On that basis
we assume that almost all RAAA cases were included in the
present analysis, and in this study the mortality rate based
on Statistics Finland was considered to be accurate and to
reflect the true mortality rate. The RAAA diagnosis was also
based primarily on hard evidence in those patients who did
not undergo autopsy (ultrasound, computed tomography).
In six patients the diagnosis was made purely on the basis of
Table IV. Place of death of patients with ruptured
abdominal aortic aneurysm




Health care center 10 5.9
Home or summer cottage 32 18.8
Home for aged 6 3.5
Foreign country 2 1.2
Total 170 100.0
Information provided by Statistics Finland.
TAUH, Tampere University Hospital.
*District hospital, health care center ward, mental hospital, or other univer-
sity hospital.
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clinical signs; all of the patients were known to have AAA
beforehand and the clinical status strongly indicated rup-
tured AAA.
The incidence and the increase in the prevalence of
AAA during the past two decades are similar to what has
occurred in Sweden. Comparable figures from the United
Kingdom during the 1980s are reported to be two to three
times higher, about 14/100,000 inhabitants.12,16,17 The
reason for the higher frequency of RAAA in the UK popu-
lation is not clear. The explanation is probably multifacto-
rial. Factors such as age, sex, dietary and smoking habits,
genetic disposition, and the local autopsy rates may influ-
ence the results. Finally, an age-related increase in RAAA
associated with a decrease in male-female ratio was also
noted in the study of Bengtsson and Bergqvist11 in Swe-
den.
The overall mortality in the Pirkanmaa region was
76.9%, with an overall hospital mortality of 63.3%. This is
little different from the findings of Kantonen et al,4 who
reported a mortality for RAAA in Finland during 1991 to
1994 of 80% and 68% for the overall mortality and overall
hospital mortality, respectively. They also found an inverse
correlation between hospital vascular surgery volume and
total hospital mortality. They postulated that this was re-
Table V. The total mortality and hospital mortality for ruptured abdominal aortic aneurysm
Total mortality Hospital mortality
Age (y) Mortality Male Female P* Both genders Male Female P*
65 75.8 75.0 100.0† e 52.9 52.9 e e
65-80 70.7 70.5 71.4 .9 57.5 50.8 53.8 .8
80 87.5 80.4 100.0 .02 78.6 70.0 100.0 .04




†Only one person in this group.
Fig 1. Proportion of male (black bars) and female (gray bars)
patients with ruptured abdominal aortic aneurysm according to
age.
Fig 2. Annual number of patients with ruptured abdominal aortic
aneurysm in next 2 decades according to age. 60 years, dia-
monds; 60-80 years, squares; 80 years, triangles.
Table VI. Patients with previously documented
abdominal aortic aneurysm
N
Undergoing preoperative examinations or waiting for
elective procedure
9
Too many risk factors for elective procedure 3
Refused elective procedure 2
In last control diameter 5.5 cm* 2
Other† 2
Total 18
Data are number of cases.
*Diameters: 4.4 cm or 4.5 cm.
†Patients not sent to vascular surgeon when AAA was found.
Fig 3. The proportion of diameter (cm) of abdominal aortic
aneurysms according to gender. Male and female patients, solid
line; male patients, dashed line; female patients, dotted line.
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lated to the less frequent surgical exploration for RAAA in
hospitals with low volume as compared with those hospitals
with high vascular surgery volumes. In our study, where the
Tampere University hospital has traditionally performed a
large volume of vascular surgery, only seven patients under
the age of 80 years did not undergo emergency exploratory
surgery.
The proportion of women in the RAAA population
(Fig 1) increased steadily with age. This may be explained
by the increase in the proportion of aging women as com-
pared with men in the total population. However, this same
increase was not seen among the patients that underwent
emergency surgical repair. The proportion of women in fact
decreased in the group of women aged more than 80 years
compared with women in the 65- to 80-years age group.
Katz et al18 (1997) studied gender differences in 3400
patients with AAAs with regard to prevalence, treatment,
and outcome. They found that the probability of a patient
to undergo surgery for RAAA was significantly lower for
women, even after adjustment of women’s older age or
other comorbidities (P  .0001). The reason for this
difference is unknown. One explanation might be that
women die more frequently before they reach the operating
theater. This is only speculation, and further research is
needed. In addition, Katz et al found that the age-standard-
ized mortality of women was significantly higher compared
with men. In our study the female total mortality (P .05)
and hospital mortality (P .16) were higher than the male
total and hospital mortality, and the difference was most
significant in the oldest age group (P  .02 and P  .05,
respectively). Further, the female operative mortality in our
study was higher than the male operative mortality, but the
difference was not statistically significant (Table VII).
Moreover, any differences between the age groups were not
detectable. This is partly explained by the small amount of
patients in the groups, but also by the fact that most
nonoperated patients were older than 80 years.
In the next decades, the number of RAAAs will prob-
ably increase dramatically. This will be related to both the
natural increase in longevity of the population as well as
with the large group of “baby boomers” reaching the age
of 65. These future trends in age structure are quite similar
to those of other industrialized countries. Our forecast has
been made with the assumption that the prevalence, screen-
ing, and treatment of AAA remain unchanged. The role of
endovascular treatment of AAA in the future is unknown.
In addition, the benefits of screening for AAA is under
investigation. This together with the more accurate imag-
ing technologies and their diminishing cost will allow ear-
lier and more widespread detection and treatment. Because
the rate of growth of aneurysms is size dependent, this
approach may result in a decrease in the incidence of RAAA.
Furthermore, it is impossible to estimate the role of new
drugs as well as future technological and other scientific
advances. Our projection is based solely on population
data, which poses certain limitations. The projection may
be too high if the population does not grow as projected, if
the population demographics change, or if proportionally
more AAAs are repaired.
Despite the well-known fact that women have smaller
aortas than men,19 similar aortic diameters are used to
define thresholds for diagnosis and indication for elective
surgery. This may underestimate the risk of aneurysm rup-
ture in women and thereby delay intervention. Recent
evidence comes from a UK small aneurysm trial,20 where
the rate of rupture in women was three times that of the rate
of rupture in men; furthermore, the mean diameter of
rupture was 5 cm in women and 6 cm in men. The problem
of definition of AAA based on diameter alone for women
remains unsolved. The prevalence of AAA in women is
currently considered too low for their inclusion in any of
the various randomized controlled trials of ultrasound
screening for AAA. In our study, the diameter of aorta was
under the threshold indication for elective procedure in
24% of women. This supports the concept of lowering the
threshold size of the AAA for elective repair in women.
Basnyat et al21 studied the mortality associated with
RAAA in Wales. Their study consisted of 233 patients, and
20% of patients had previously documented AAA. In our
study 11% had previously documented AAA. More impor-
tant was that 5% of RAAA patients were undergoing pre-
operative evaluations or waiting for elective procedures.
Thus once the criteria for repair are met, repair should be
performed with minimal delay.
Most of the patients in our study who underwent
surgery were not known to have AAA prior to rupture.
Many of these AAAs could have been found in systematic
screening. In 2001, Scott et al22 concluded that screening
once for AAA at age 65 could identify the majority of AAAs
that are of clinical significance and can identify a large
population of individuals at low risk of rupture who do not
need surveillance. A randomized clinical trial showed that
screening for AAA produced a 50% reduction in the aneu-
rysm-related mortality rates.23 The benefits of screening
must outweigh the costs. There are no data on the real costs
of emergency operations for ruptured AAA in our hospital,
but on the basis of previous studies on screening for AAA it
seems that there would be a case for a cost-benefit analysis
on our population.
We conclude that in most patients with RAAA, the
presence of an AAA is previously unknown. To decrease the
incidence of rupture, selective screening in the older pop-
ulation may be useful, particularly given that the numbers
of elderly individuals will increase so significantly. Accord-
Table VII. The operative mortality for ruptured
abdominal aortic aneurysm
Age Both genders Male Female P*
65 43.8 44.8 33.3 .6
65-80 52.3 50.0 63.2 .4
80 52.0 50.0 66.7 .5
Total 50.6 48.2 60.0 .3
Data are percentages.
*Male versus female.
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ing to the current incidences, we estimate a 50% increase of
the overall number of RAAAs. Identifying at-risk patient
populations for which screening would be cost-effective
should become a focus of research to improve patient care
for the elderly.
The authors thank Dr A. Miller for his assistance with
the preparation of the manuscript.
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